Lecture #8 


* Recursion 


* How to design an Object Oriented program 
(on your own study) 


* Project 3 Design Tips 


This is a ship-shipping ship, 
shipping shipping ships. 


Recursion 


| INFINITE REGURSION 


INFINITE RECURSION 


[INFINITE RECURSION 


lou GOTTA EHOW WHEN TO QUIT 


[INFINITE RECURSION 


You GOTTA KNOW WHEN TO QUIT 


Recursion 
What’s the big picture? 


Normally functions call other functions... 


But some problems are much easier solved 
by having a function call /tse/fl That's 


/| n! = n * (n-1)! by definition 


int factorial(int n) 
{ 


if (n == O) return 1; 


int fact of n 2 n * factorial(n-1); 
return fact of n; 


} 


The key is that each time a recursive function 
calls itself, it must pass in a simpler sub- 
oroblem than the one it was asked to solve. 


Eventually it reaches the simplest subproblem, 
which it solves without needing to call itself. 


Idea BehindRealesmsolving 


SolveAProblem(problem) 


No 


Break the problem into two 
or more simpler sub-problems 


Solve each sub-problem j 
bpyaahiqgga@ucseliter 
function on the sub-problem j 


Collect all the solution(s) 
to the sub-problems 


| 


Is the problem trivially solved ES 


Solv 


Use the sub-solutions to construct | Return the 
a solution to the complete problem 


Just return 
the answer 


on{$ub-problem,) 


AProblem(sub-problem,) . 


ub-problem,) 


solution 


“The Lazy Person's Sort" 


Let's design a new sorting algorithm, 
called the "lazy person's sort"... 


The input to this 
sort are a bunch of 
index cards with 
zs. 


Lazy Person's Sort: 

T—*Split the cards into two roughly-equal piles 

T—*Hand one pile to nerdy student A and ask them to sort it 
—*Hand the other pile to nerdy student B and ask them to sort it 
-> Take the two sorted piles and merge them into a single sorted 
pile 


e 
v 
dE 
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“The Lazy Person's Fd 


^ Pretty good! All| 


99322 . a Well that worked "- 
well, | think I'll have 
them sort the other 


six hundred! 
air tre rear m d 


6 17 22 3 14 95 


Lazy Person’s Sort: 
Split the cards into two roughly-equal piles 
Hand one pile to nerdy student A and ask them to 


wat ant ead! | think | have an idea. 

<blush>Thanks</ Aand we can be lazy too, 
blush> let's change Carey's 
algorithm just a bit. 


O Sort it 
e sorted 


7 
“Tha Lazv 
g | think I see it... 


erson's Sort” 


Excellent, Mr. Smallberg. 


The algorithm isn’t complete... 
What happens when a person 
ends up with just a single 
notecard. 


And do you have a 
solution? 


£444 
bh AAAA RRS 


The algorithm breaks down. How 
can you split a single card into 


two equal piles?)!8 à d i 


y Person’s Sort: Well, it worked for Carey. 
plit the cards into two ro 
Hand one pile to nerdy stt Why can’t we use on’s Sort” 
Hand the other pile tc hot exactly tha 777^ 7—*0n's Sort’ 
Take the two sorted piles; processi Then we can blow 
m this joint and go 
t thie same kina play League of 
| think so. If you n" 
M VVIII TU VVUIK( . to can do the : 
nanu Earn Ure C CORRS Orting! 
\ someone else and then 


eae And the studerliteagads! 
rewrite It a bit... give each half of our 


“The Lazy Person's Sort" 


909322 . Correct! 


Amazing, huh? By 
having an algorithm 
use itself over and 
Over, you can solve big 


NC problems! 


llayguPerbendeSortt one card, then just give it right back. 
Split the cards into two roughly-equal piles 
Hand one pile 1 studly < 
Hand the other pile tc 
Take the two sorted p 
pile 


Ah, | see. When a person at the 
bottom of the pyramid gets a 
single card, they can't split it in 


half... 
Oh yeah. And "m u 
P more thing Besides it's just one card, so it's 


" technically already sorted... 


Pani. \ So they just hand it back to the 
dE and tet 


ee MergeSort(an array If you're willing to assume that 


MergeSort actually works ona Tay) 
full array of data... 
TT JUS car rici sort! 


OtherSort ( first half of array ); // process MergeSort( array ); 


if (array’s size == 1) 
return; // array 


al 
210 Then you SUI be willing to 
have faith that it'll work on half 
Merge(the two an array of data too! ortec halves 
// now the com te UITUy ro JUI CCuU 


} 


T mÓÀÀ a a A ems CN a 9S 


pene YexariRe &tectiswelkmelgsrithm! 


Every time our MergeSort function is called, it breaks up its 
inpuYonto dwossto dire arii bow tbsfümcttorm Gahveseaithestb- 


(on a subset "i the problepaytto get the complete problem 
t's hard to Bellowg tt works! 


When 9bu bud would eu greedtsdefinitiey arf dit Fou 
need to have faftenag Hasdlagnimmyste Biderly (on the 


f ais sort each s 
LAS, POA ins ing Joyce sore pun PC Eia. 


i ES a progra M EN 
Ok, well an me show you the way dicat works [] 
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The Two Rules of 


Recursion 
RULE ONE: 


Every recursive function must have a “stopping condition!’ 


The Stopping Condition (aka Base Case): 


Your recursive function must be able to solve the 
simplest, most basic problem without using 
recursion. 


Remember: A recursive function calls itself. 


Therefore, every recursive function must have some 
mechanism to allow it to stop calling itself. 


The Stopping Conditior & 


void eatCandy(int layer) 


Here's a simple recursive 
function that shows how to 
eat a tootsie-roll pop. 


Can you identify the 
cout<<“Lick layer "««layer; | Stopping condition in this 
function? 
Ol ae What if we didn’t have this 
| stopping condition/base 
Case? 


Right! Our function would 


never stop running. 
(We'd just keep licking forever) 


7 Ihe Iwo Rules of 


Recursion 
RULE TWO: 


Every recursive function must have a "simplifying 
step". 


Simplifying Step: 


Every time a recursive function calls itself, it must 
pass in a smaller sub-problem that ensures the 
algorithm will eventually reach its stopping 
condition. 


Remember: A recursive function must eventually reach 
its stopping condition or it'll run forever. 


Simplifying Code 


void eatCandy(int layer) 


i 
if (layer == 0) 
i 


cout << "Eat center!”: 
return; 


} 


eatCandy (Layer ); 


} 


Can you identify the simplifying 
code in our eatCandy() 
function? 

What if we didn't have 

simplifying code? 


cout<<“Lick layer "««layer; | Our function would never get 


closer to our stopping condition 
and never stop running. 


main() 


eatCandy (3); 


Most recursive functions simplify 
their inputs in one of two ways: 


1. Each recursive call divides its input 
problem in half (like MergeSort) 


2. Each recursive call operates on an 
input that's one smaller than the las! 


(Rule 2.5 of Recursion) 


Recursive functions should never use 
global, static or member variables. 


They should only use local variables 
and parameters! 


(So be forewarned... If your recursive functions use 


globals/statics/members on a test/HW, you'll get a 
7"EDfnYY 
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—>void eatCandy(int layer 


{ 
> if (layer == 0) 
{ 


—» cout << “Eg 
=—Preturn; ~ 


eatCandy (layer-1); 
13 


cout<<“Lick layer "««layer; 


Tracing Through our 
Function 


Hmm.. So where 
does our function 
return to? 


i 


return; 
) 


——- if (layer == 0) 
1 
cout «« "Eat ce 
return; 
) 
=> cout<<“ Lj 


—> eatCańdy (Layé r-1); 
—) 


cout << "Eat center!”: 


\ifficult to trace through a 
ion that calls itself... 


S use a little trick and 
pretend like this call is actually 
calling a different function 


t happens to have the 


Correct! 
It continues running just 
after this line! 


—*eatCandy (layers); 
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Steps 


Writing (Your Own) Recursive Functions: 6 


What if we want to write our own recursive 
Here’s a proven cote Method to help you! 


Step #1: 
Write the function header 


Step #2: 

Define your magic function 
Step #3: 

Add your base case code 
Step #4: 

Solve the problem w/the magic function 
Step #5: 
Remove the magic 


Step #6: 
Validate your function 


Let’s use these 
steps to write a 
recursive function to 
calculate factorials. 


0 


Recall, the definition of 
fact(N) is: 


1 for N = 


N * fact (N-1) forN>O 


Example #1: Factorial 


LERSICOMRUTE 


| | 
i Fr | 
Wemegenerator.nat 


Step #1: Write the function header 


Figure out what argument(s) your function 
will take and what it needs to return (if 


anything). 


First, a factorial function takes in an 
integer as a parameter, e.g., l 
factorial(6). int fact(int n) 


Second, the factorial computes (and E 


should return) an integer result. 
Let's add a return type of int. 


And here's how we'd call our 
factorial function to solve a problem 
of size n... i 


So far, so good. Let's go on to step int main() 
( 


#2. l 
int n = 6, result; 


result = fact( n ); 


Step #2: Define your 


magic function 


Pretend that you are given a magic function that can compute a 


factorial. 


-— A. ie a -——L-1 


en for you ar 
For example, perhaps 

magicfact looks Eter 
like this?!?! 


Int magicfact(int x) 


The | 
forbit Intp 1; a value of 
while (x > 1) ion 
{ 


f *= x 
x 


// eer for your use! 
int magicfact(int x) 1 .. 


. } 


int fact(int n) 
{ 


} 


D 


return f; 


smaller 
2)!, etc. 


Show how you could use this magic 
function to compute (n-1)!. 


int main() 
( 


int n = 6, result; 
// use ign to solve SUPPrODIE ms 


resu 


Step #3: Add your base case Code 


Determine your base case(s) and write the 


de to handl 
Our goal in this step is to Gath y the 


simplest possible input(s) to our 
function... 

And then have our function process 
those input(s) without calling itself 
(i.e., just like a normal function 
would). 

Ok, so what is the simplest factorial 
we might be asked to compute? 


Well, the user could pass O into our 
function. 

0!, by definition, is equal to 1. 
Let's add a check for this and handle it 
without using any recursion. 

In this example, this is the only base 
condition, but some problems may 

require 2 or 3 different checks. 


m with 


arit raciurcian!l 
// provided for your use! 
int magicfact(int x) { ... } 


int fact(int n) 
( 
if (n == 0) 
return 1; // base case 
// Always consider a// possible 


// base cases and add checks 
// for them before proceeding! 


} 


Int main() 

{ 
int n = 6, result; 
// use magicfact to solve subproblems 
result 2 magicfact( n-1 ); 


2 Step #4: Solve the problem using the magic 
function 


But computing the factorial 
of N-1 is not so easy. 


Itc trivial ta cnamniita Ni 


This is definitely a smaller 
problem, perfect for our 
nagic function to solve for 


Hopefully, we can : // base case 
agree that if this 
magic function does 
what it’s supposed 


tO... 


IH z— Haagicfact( n ); 


int part2 - 


return edes part2; 


int main() 
( 


int n = 6, result; 
// use magicfact to solve subproblems 


result s=raa@igicfactt+1-);); 


Then our new function 


UV CI dil ICSUIL: 


Q Harsh Truth: 


The magic function 
was just a crutch! 


forever? 


Right! Our base case code 
ensures that our function 


really Wahl to do.. 
it! 
Will that work? 


. SO let S do 


Yes! 


Woohoo! We've just 
created our first 
recursive function from 


If we accept that 
our fact function 
returns the right 


answer for any 


int fact(int n) 
( 
if (n == 0) 
return 1; // base case 
int partl = n; 
int part2 snagidact( n-1 ) 


r 


return part1 * part2; 


} 


scratch! 


Then we should 


n many be able to use it 


int n =| here, just like we 
//use mal would anywhere 
result —'rrregrerestzo 


Step #6: Validating our Function 


You SHOULD do this step EVERY time your write a recursive function! 
Start by testing your function with the simplest possible input. 


Next test your function with incrementally more complex inputs. 
(You can usually stop once you've validated at least one recursive call) 


—>int fact(int n) Excellent! We've tested all of the 
1 0220 base case(s) as well as validated a 
—if (n == 0) single level of recursion... 


—* return 1; 
1 We can be pretty certain our 


return n * fact(n-1); function works now... 


} 


Good. This result is 
correct too. 1! is equal 
to 1 * 0!, aka 1 * 1, aka 


—»int fact(int Q 
{ jes 

=> if (n == 0) 
—» return 1; 


int main() 


{ 


cout << fact( 0 ); 
cout << fact( 1 ); 
—return | * 


} 
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Factorial Trace-through 


—»int fact(int n) n 


0 


i "E 
—> if (n == 0) 
= return (1); 


return(n *lfact(n-1)); 


} 


1*1=1 


2*1=2 


result 
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CXAMIple 7-2. NeCursiOfI ON afi 
Array 


For our next example, let's learn how to use 
recursion to get the sum of all the items in an array. 


0 n-1 


Step #1: Write the int *arr 


Figure out what argument(s) your 


function will take and what it 
needs to return (if anything). 


To sum up all of the items in an array, 
we need a pointer to the array and its 


size. 


Our function will return the total 
sum of items in the array, so we 
can make the return type an int. 


And here's how we'd call 

our array-summer function 

to solve a problem of size 
n... 


So far, so good. 


Let's go on to step #2. 


You could also have written: 


It's the same thing! 


int sumArr(int arr[ ], int n) 
( 


} 


int main() 
{ 
const int n = 5; 
int arr[n] = { 10, 100, 42, 72, 16}, 


S; 
S = sumArr( arr , n); /| whole array 


Step #2: Define your magic function 


Pretend that you 
magic function tha 
values in an array a 
result. 

There's only one cc 
forbidden from passi 


with n elements ow e.g., if n=5, then n/2 == 


So you can't use it to sum up a 
entire array (one with all n item 


PUER TES 


Since we used n/2 to specify the # of items UN 


in the first half of the array. 


There are n - n/2 items in the 


second half of the array. 


2 and n-n/2 


But you can use it to sum up 
smaller arrays (e.g., with n-1 
elements)! 


arit 


This means "give 


e.9., Sarr 


const int n 
int arr[n] = 
' S = magicsumArr( 
S= — 
last n-1 
seni nadiesumAmCs arr, n/2 


kE magicsumAre(r4-n/2,n - 


ter to 
is 1 
rart," 


Jen 


n/2 


2116], 


C 


); // first n-1 


|); // sums 1* 


Ne 


II 


Step #3: Add your base case Code 


Determine your base case(s) and 
write the code to handle them 


without recursion! 


Ok, so what is the smallest array 


that might be passed into our 


function? l 
Well, someone could pass in a 


totally empty array of size n = 0. 
What should we do in that case? 


Well, what’s the sum of an empty 
array? Obviously it’s zero. Let’s 
add the code to deal with this case. 


Do we have any other base cases? 
For example, what if the user 
passes in an array with just one 
element? 

Let’s see what that would look 
like... 

Good. Let’s keep both of those. 


// provided for your use! 
int magicsumArr(int arr[], int x) 


UEM 


int sumArr(int arr[ ], int n) 


( 
if (n == 0) return O; 
if (n == 1) return arr[O]; 


} 


int main() 
{ 


const int n = 5; 
int arr[n] = { 10, 100, 42, 72, 16}, 


S, i 
s = magicsumArr( arr, n-1 ); //firstn-1 


s = magicsumArr( arr+1, n-1 ); y 


last n-1 : 
$ — magicsumaArr( arr, n/2 ); // sums 1* 


gL magicsumArr( arr+n/2, n - n/2 ); 


// 


29 Step #4: Solve the problem using the magic 
function 


Now try to figure out how to use the // provided for your use! 
magic function in your new function to | int magicsumArr(int arr[], int x) 
help you solve the problem. [e 
int sumArr(int arr[], int n) 


Unfortunately, you can't use the magic i 
function to do all the work for you... if (n == 0) return O; 
(it can’t solve problems of size n) if (n == 1) return ano 


So let’s try to break our problem into two int s = magiesumArr( arr, n ); 


(or more) simpler sub-problems and use " : 
our magic function to solve those. usn 


} 


int main() 
{ 


const int n = 5; 
int arr[n] = { 10, 100, 42, 72, 16}, 


s = magicsumArr( arr, n-1 ); //firstn-1 


s = magicsumArr( arr+1, n-1 ); y 


last n-1 : 
$ — magicsumaArr( arr, n/2 ); // sums 1* 


gL magicsumArr( arr+n/2, n- n/2 ); v 


. 
, 


3 Step #4: Solve the problem using the magic 
function 


Hopefully, we can 
agree that if the magic 
function does what it's 
supposed to... 


Then our new function 
will work correctly! 


// provided for your use! 
int magicsumArr(int arr[], int x) 


UT arr[ J, int n) 

if (n == 0) return 0; 

if (n == 1) return arr[O]; 
int front — 

int total = front + arr[n-1]; 
: return total; 


int main() 
{ 


const int n = 5; 
int arr[n] =| { 10, 100, 42, 16}, 


' S =nenagstaumArdérayin-f-]; ); // first n-1 


s = magicsumArr( arr+1, n-1 ); y 


last n-1 ; 
$ — magicsumArr( arr, n/2 ); // sums 1* 


gL magicsumArr( arr+n/2, n - n/2 ); 


II 


3 Step #4: Solve the problem using the magic 
function 


Hopefully, we can 
agree that if the magic 
function does what it's 
supposed to... 


Then our new function 
will work correctly! 


// provided for your use! 
int magicsumArr(int arr[], int x) 


{ 


int sumArr(int arr[ ], int n) 
( 

if (n == 0) return O; 
if (n == 1) return arr[O]; 
int rear — 


int total = arr[0] + rear; 
„return total; 


int main() 
{ 


const int n =5; 
int arr[n] =|{ 10, 100, 42, 72] 16}, 


' S = magicsumArr( arr, n-1 ); //first n-1 
s eagéciasoimrerreriton-hJl); 1 


last n-1 : 
$ — magicsumArr( arr, n/2 ); // sums 1* 
half i 
$-— magicsumArr( arr+n/2, n - n/2 ); 


II 


2 Step #4: Solve the problem using the magic 
function 


Hopefully, we can 
agree that if the magic 
function does what it's 
supposed to... 


Then our new function 
will work correctly! 


// provided for your use! 
int magicsumArr(int arr[], int x) 


{ 


int sumArr(int arr[ J, int n) 
if (n == 0) return O; 

if (n == 1) return arr[O]; 
int first — 

int last — 

„return first + last; 


int main() 
{ 


const int n 2.5; 
int arr[n] =|{ 10, 100, 42, 72| 16}, 


' s = magicsumArr( arr, n-1 ); // first n-1 
s = magicsumaArr( arr+1, n-1 ); // 
last n-1 


S -mragigksum& Are arm l2/2;); i sums 1* 
S^ enangig ic sut Crá rare 2/2 - m/2ny2 ); 


II 


Right! Our base case code 
ensures that our function 
Ing itself 


itself! 
But in fact, that’s what we 
really want to do... So let’s do 
it! 
Will that work? 


Yup! 


Woohoo! We've just created our 
second recursive function! 


If we accept that our 
sumaArr function 

// pro returns the right 

int ma, answer for any input... 

(..] 


int sumArr(int arr[ ], int n) 


( 
if (n == 0) return O; 
if (n == 1) return arr[O]; 


int scnd 2magicumaArr( arr+n/2, 
ater 


return first + scnd; 


int first 2magicsumaArr( arr, n/2 ); 


int main() 
{ 


Then we should 
const intn =| be able to use it 
int arr[n] = (| here, just like we 

would anywhere 
S = magicsu de 

s = magicsumaArr( arr 1, n-1 ); 1 

last n-1 : 

$ = magicsumaArr( arr, n/2 ); // sums 1* 


gL magicsumArr( arr+n/2, n - n/2 ); 


// 


Step #6: Validating our Function 


As before, make sure to test your function 
with at least one input that exercises the 
base case... 
and one input that causes a recursive call. 


int sumArr(int arr[], int n) 
{ 


if (n == O) return 0; 

if (n == 1) return arr[0]; 

int first = sumaArr( arr, n/2 ); 

int scnd = sumArr( arr+n/2, 
n-n/2); 

return first + scnd; 
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Array-summer Trace-through 


int sumArr(int arr[], int n) 
k 


if (n == O) return O; 


Tif (n == 1) mtm addo 
> n 1 
_, int DE 1 


nt sumaArr(int arr[], int n) 


_, if (n == O0) return O; 2 
if (n == i return arr[0]; 


int first = sumArr( arr, n/2 ); 
int scnd = sumArr( arr+n/2, 
n-n/2); 
return first + scnd; 
} 


int scnd 

.n/2); 
return uu 92 Scna; 

) 

int sumArr(int arr[], int n) 

{ 
if (n == O) return O; 

E (n —— \ via alo 

mn first = sumAr ; p 
int scnd = =e T 


.n/2); 


return nət + suru, 


int main() 
( 
const int n = 3; 
—» int nums[n] = 1 10, 20, 


42}; 


cout << SUMAI TIUITIS , 


— 


-——xNL 


°° Your Turn: Recursion 
Challenge 


Write a recursive function called printArr that prints 
out an array of integers in reverse from bottom to 
top. 

Step #1: 

Write the function header 
Step #2: 

Define your magic function 
Step #3: 

Add your base case code 
Step #4: 

Solve the problem w/the magic function 
Step #5: 
Remove the magic 
Step #6: 
Validate your function 


Recursion Challenge 


Step #1: Write the function header 


Step #2: Define your magic function Write a recursive 
Step #3: Add your base case function called 
Step #4: Sole problem using orintArr that prints 
your magic function out an array from 
Step #5: Remove the magic bottom to top. 


Step #6: Validate your function 


Second, 
zeroth el 


3 


Cool! It’s as if our 


void reversePrint(string arr[ ], int size) 
{ 
=f (size == 0) // a 
return; 


2040, 


2000 + 20 2 


else array starts at 
{ location 2020 and 
-*eversePrint(ai only has 2 elements! 
cout << arr[0] — 
30! 
N 
2020 + 201 
| 


U Now it looks like arr 
has just one element 
^* and starts at 2040! 


m 2040 
[0] Nan 


void reversePrint(string arr[ ], int size) uz J E 


( 


I) void reversePrint(string arr[ ], int size) 


( 
-»f (size == 0) 
-Preturn; 


else 
{ 


reversePrint(arl 
cout << arr[0] 


} 
} 


n empty array arr 2060 


» 


We've hit our base case! 


We've got an empty array | arr 


(of size 0) so we just ae [0] 


2040+ 0 
20 


BHeiane A NH NEM) E FF BN u 


40 


M 


void reversePrint(string arr[ ], int size) 
{ 


if (size == 0) // an empty array 


arr [0] is 
44 Nan Hn 


reversePrint( 
—peout << arr[0] << “\n”; 


} 


EE 


arr 2040 
size 1 


arr [0] is 
" Phyllis " 


" Leslie " 


arr [0] is | 


arr 
[0] Nan 


2040 


" Example #3: Recursion on a Linked 


List 
When we process a linked list using recursion, it's 
very much like processing an array using 
strategy #2! 


struct Node 
1 


int val; 
Node *next; 
}; 


There are two differences: 


l. Instead of passing in a pointer to an array 
element, you pass in a pointer to a node 


2. You don't need to pass in a size value for your 


list 
(this is determined via the next pointers) 


Let's see an example. We'll write a function that finds 
the biggest number in a NON-EMPTY linked list. 


head MPA 
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Step #1: Write the function header 


Figure out what argument(s) 
your function will take and 
what it needs to return (if 

anything). 
To find the biggest item in a linked 
list, what kind of parameter should 
we pass to our function? 


Right! All we need to pass in is a 
pointer to a node of the linked list. 


Our function will return the biggest 
value in the list, so we can make 
the return type an int. 


So far, so good. Let's go on to step 
#2. 


struct Node 
{ 
int val; 
Node *next; 
}; 


int biggest( Node *cur 
{ 
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Step #2: Define your magic function 


Well, if cur points to the 
top node of an n- 
element linked list... 


Then cur->next points to 
a linked list with n-1 
elements... 


struct Node 
1 
int val; 


Now, how can we somehow 
isolate just n-1 nodes from 
our linked list so we can pass 
them into our magic 


function? | 
So if we trust our magic 
function, this will give 
us the biggest item in 
the last n-1 nodes of 
our linked list. 


} 


int main() 
( 


A 


Determine your base case(s) and write the 
code to handle them without recursion! 


For this problem, we’re assuming 
that the user must pass in a linked 
list with 


at least one element. 
So, what’s the simplest case that 


our function must handle? 


Well, if a linked list has only one 


Then by definition tt 

hold the biggest (only! 

list, right? 

Are there any other base 
cases? 


Step #3: Add your base case Code 


Nope... Since we don’t have 
to deal with an empty list, 
this is the simplest case... 


struct Node 


m 


int val; 
Node *next; 
}; 


// provided for your use! 


int magicbiggest(Node *n) { ... } 
int biggest( Node *cur ) 
if (cur->next == nullptr) // the only node 


returg Sval;  // so return its valu 


—— 


€ 


int main() 


( 
Node *cur = createLinkedList(); 
int biggest = magicbiggest(^next 


) y 


? Step #4: Solve the problem using the magic 


function 


Hopefully, we can 

agree that if the magic 
function does what it's 
supposed to... 


Then our new function 
will work correctly! 


struct Node 


{ 


}; 


// provided for your use! 
int magicbiggest(Node *n) { ... } 


int biggest( Node *cur ) 


; return max( rest , Cur->val ); 


int val; 
Node *next; 


if (cur->next == nullptr) //the only node 
return cu r->val: // so return its value 


int leegest = magicbiggest(cur); 


// pick biggest of 1s node and last n-1 node 


int main() 
{ 


+) 


Node *cur = createLinkedList(); 
int biggest Raygamich g gestir- = rextt 


7 
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Step #5: Remove the magic 


R Harsh Truth: 


The magic function 
was just a crutch! 


But if our function calls itself, 
what stops it from running on 
forever? 


Right! Our base case code 
ensures that our function 
entua ops-calling itse 

Will that work? 


Then we should 
be able to use it 
here, just like we 
would anywhere 


Woohoo! 
third ra 


struct Node 


If we accept that our 
biggest function 
returns the right 

int ma\ answer for any input... 


int biggest( Node *cur ) 


if (cur->next == nullptr) // the only node 
return cu r->val: // so return its value 
int rest snagibiggest(cur->next); 


biggest of 1* node and last n-1 node 
return max( rest , cur->vali ); 


} 


int main() 
( 


Node *cur = createLinkedList(); 


int biggest = mMagicbiggest{->next 
Y y 
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Step #6: Validating our Function 


Don't forget to test your function! 


Since the problem states that the list is never 
empty... 
The two simplest test cases would be a 
one-node list and a two-node list! 


int biggest(Node *cur ) 
{ 


} 


if (cur->next == nullptr) // the only node 
return Cur->Vval; //so return its value 


int rest Biggest( cur->next ); 


return max ( rest, Cur->val ); 
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—>int biggest(Node *cur) 

{ 
— if (cur->next == nullpgr) 
—> return( 8 val); 
int rest = biggest( cur->nex 


return max( rest, Cur->val ); 
} 


Biggest-in-List 
Trace-through 


—Pint biggest(Node *cur) 


— if (cur->next == nullp 
return(cur-» val); 
1400 
— int rest =8 ); 


—> return max t 12 val); 
) 


main() 


—pint biggest(Node *cur) 
( 
— if (cur->next == nullptr) 
return(cur->val); 
13nn 
—> int rest 2 12 ); 
—> return max t, CUB->val ); 
} 


{ 
— Node *head; 

// create linked list 
cout << biaaestíhead); 


“Writing Recursive Functions: A Critical Tip! 


Your recursive function Your recursive function 
Should generally only Should rarely/never 
access the current access the value(s) in 
node/array cell passed into the node(s)/cell(s) 
// good examples! | // bad exar low it! 
int recursiveGood(Node *p) int recursiveBad(Node *p) 


>next)) 


S Pea SN aks Se E E ene LE = 


“Writing Recursive Functions: A Critical Tip! 


Your recursive function 
Should generally only 
access the current 
node/array cell passed into 


Your recursive function 
Should rarely/never 
access the value(s) in 
the node(s)/cell(s) 


// good examplesilt! 
int recursiveGood(int a[], int count) 


do something; 


// bad exar low it! 


int recursiveBad(int a[], int count) 


Recursion Challenge #2 


Write a recursive function called count that counts 
the number of times a number appears in an array. 


main() 


{ 
const int size = 5; 
int arr[size] = 17, 9, 6, 7, 
Tp 
cout «« 
countNums(arr,size, 7); 
// should print 3 


} 


Recursion Challenge #2 


Step #1: Write the function header 
Step #2: Define your magic function 
Step #3: Add your base case 


Step #4: solvate problem using 
your magic function 
Step #5: Remove the magic! 


Step #6: Validate your function 


// 


Write a recursive 
function called 
count that counts 
the number of 
times a number 
appears in an 
array. 


Recursion Challenge #3 


Write a function that finds and returns the earliest 
position of a number in a linked list. If the number is 
not in the list or the list is empty, your function 
Should return -1 to indicate this. 


main() 


{ 


Node *cur = «make a linked list»; 


cout «« findPos(cur,3); // prints O 
cout «« findPos(cur,8); // prints 2 


) cout << findPos(cur,19); // prints -1 


Step #1: Write the function header Recurs | on 


Step #2: Define your magic function 


Step #3: Add your base case Cha | lenge #3 
Step #4: Solv€@A@ problem usin 
P your magic A ATER j Write a function that finds 
Step #5: Remove the magic! and returns the earliest 
Step #6: Validate your function position of a number in a 
Y linked list. If the number 


is not in the list or the list 
is empty, your function 


should return -1 to 
m|rnirata thic 


7 Let's see some REAL 
examples! 


Ok, enough with the toy recursion examples! 


Let's see some situations where recursion really 
shines! 


FORGOT 


BASE CASE 
> CHECK JAR 


™_ 
What is 
the base 


case? 


Where is the 
simplificatio 
n code? 


“Notice how Binary "i p): Binary Search 


recurses on either 
the first half *or* 
the second half of 
the array... But 
never both. This 
is for efficiency. 


sorted array of data for a particular 


ion and a divide-and-conquer 


ool Search(sortedArray, findMe) 


{ 


if (array.size == 0) // empty array 
return false; 


iddle word = sortedArray.size / 2; 


f (findMe == sortedArray[middle word]) 
return true; 


if (findMe < sor 


tedArray [middle word 
return Search(| first 5 of sortedArray| ) ; 


else // findword » middle word 
return Search(|second 5 of sortedArray| ); 
} 


Binary Search: C++ Code 


Here’s a real binary search implementation in C++. Let’s see how it works! 


int BS(string A[], int top, int bot, string f) 
{ 
if (numItemsBetween(top, bot) == 0) 

return (-1); // Value not found 
else 


int Mid = (top + bot) / 2; 
if (f == A[Mid]) 
return Mid; // found - return where! 
else if (f « A[Mid]) 

return BS(A, top, Mid - 1,f); 
else if (f » A[Mid]) 

return BS(A, Mid + 1,bot,f); 
} 
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Bec u ro As our binary search C h top=o Albert 


progresses, top will move 
down and bot will move up. 


If the # of items between 
them is zero, it means our 


—int BS(string top, int bot, string f) 


return Mid; aa where! 
—» else if (f < Tu 

— return BS(A,top,Mid - 1,f); 

else if (f » A[Mid]) 


return BS(A, Mid + 1,bot,f); 
} 


} 


l 4 Eugene 
value was not in the array. Mid >5 Frank 


6 Gordon 
— if (numItemsBetween(top, bot) == 0) 7, Grendel 
return (-1); | (04 10)/2 und 8 Hank 
—»else Ad M gu 5n 9 W 
1 "David" == 271E 
— int Mid =~ ,. “Fraak’7—<z; bot>10 Yentle 
—if (f == “David” < 


1 Brandy 
2 Carol 
3 David 


= ("Albert",..); 


,"David") != -1) 


JE! 


Recursion: Binary Search tpo! Albert 


“David” < 
Lf Llewuul where! 
“David” > 


return Mid: 
—else if (f 
return jd 
—else if (f > A[Mid]) 
—» return BS(A, Mid + 1,bot,f); 

} 


} 


1 Brand 
—int BS(str 5 items! t top, int bot, string Mid >2| Carol 
{ 


— if (numItemsBetween(top, bot) == 0) 3 David 
return (-1); (0+ 4)/2 und 4 Eugene 
— else aL ead e I Mid > 
I í “David” == i 
| int Mid = © . "nri"; 2; 
if (f == 


bot» 


—»return BS(A, 0 , 4 JT 
else if (f > A[Mid]) 
return BS(A, Mid + 1,bot,f); 
} 
} 


= ("Albert",..); 


,"David") != -1) 
JE! 


Recursion: Binary Search tw 


—> int BS(str 2 items! it top, int bot, strinj 4 . 
t Mid > 3| David 
Eugene 


—if (numItemsBetween(ton, bot) == 0) bot 4 
return (-1); (34 4)/2 und 
—»else VAN T p t 


{ 
— int Mid = 
—>if (f == A[Mid]) 

return Mid 3 / found — return where! 
else if (f < A[Mid]) 

return BS(A,top,Mid - 1,f); 
else if (f > A[Mid]) 

return BS(A, Mid + 1,bot,f); 


"David" == 


} 


} 


=> return 


Recursion: Binary Search tpo! Albert 


1 Brand 
Mid *2 
3 David 


bot*4 Eugene 
int BS(string A[], int top, int bot, string f) 


if (numItemsBetween(top, bot) -- 0) 
return (-1); // Nalue not found 
else 


int Mid = (top + bot) / 2; 
if (f -- A[Mid]) 
return Mid; // found - return where! 
else if (f « A[Mid]) 
return BS(A,top,Mid - 1,f); 
else if (f > A[Mid]) 
—>return 3 


62 : : 
Recursion: Binary Search tpo! Albert 
1 Brandy 
2 Carol 
3 David 
4 Eugene 
int BS(stri A int t int bot tri ^w Biete 
in (string A[], in op, in ot, string f) 6 Gordon 
if (numItemsBetween(top, bot) -- 0) 7 Grendel 
return (-1); // Value not found 8 Hank 
else 
{ 3 Wayne 
int Mid = (top + bot) / 2; bot>10 Yentle 
if (f == A[Mid]) 
return Mid; // found — return where! 
else if (f < A[Mid]) 
return BS(A,top,Mid - 1,f); 4 " 
else if (f > AIMid1) = {"Albert”,..}; 
—»return 3 - 
} = -1) 
} => rtr. 


T per 


And then write a “helper function” to 
actually do the complex recursion 

with complex parameters... oe 

y Search: 

M Ae" 


int BS(string A[], int top, int bot, string f) 
{ 


In these cases, you'll want to define a 


Notice how m l i i 
function with a simple interface 


What is top? What's bot? 


You can then call your helper function 


Wouldn't it be nicer if from your simple function... 


function (with a few 


int E 27 size, string findMe) 
{ 


} 


This simple function can then call the complex recursive 
function to do the dirty work, without confusing the user. 
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Solving a Maze 


We can also use recursion to find a solution to a maze. 


In fact, the recursive solution works in the same basic 
way as the stack-based solution we saw earlier. 


The algorithm uses recursion to keep moving down 
paths until it hits a dead end. 


Once it hits a dead end, the function returns until it 
finds another path to try. 


This approach is called “backtracking” or 
“depth first search.” 
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M bool solvable; // globals 
Ah! But we did simplify the Ze int dcol, drow; 
problem! 


char m[11][11] = 1 
We dropped a breadcrumb! 


This ensures that there's 
one less square for our 
recursive call to investigate. 


— "nk 2K KKK ck! 
TET * iğ 
— r 


m> solve(ro COL); GENS II M ES s 
——»if (m[row][col-1] == ' ‘) OK - so we're RN 
solve(row, col-1); to recurse. 

—-—»if (m[row][col-1] == ' ‘) 
solve(row,col-1); But wait, have we 
—>}// dead end! - BACKTRACK! simplified the 


— solve 2 ,1 ); 
if (m[row][col-1] == ' 
solve(row,col-1); 
if (m[row][col+1] == ' 
solve(row,col-1); 


problem for our 
recursive call? 


If not, won't our rue) 
unction run forever? «ble!"; 


66 —>void solve(int row, int col) 


— m[row][col] = 


ol solvable; // globals 
t dcol, drow; 


‘#'; // drop crumb jar n[11] [11] = { 


u "- = u "- = u "- u 


I sk x LET 


DUUM 
: inish 


lain () 


solvable = false; 
drow = dcol = 10; 


—»solve(1,1); 
if (solvable -- true) 
cout «« "possible!"; 


if (row == drow && col == dcol) 
solvable - true; // done! 
if (m[row-1][col] == ' ‘) 
=} ; 
{ 
—y i , 
B if (mI row] [col - 1] — ) 
ve solve(row,col-1); 
(n if (m[rowl[col-1] == ' ‘) 
solve(row,col-1); 
—-—] 
—solve( 2 ,3 ); 
— if (m[row][col-1] == ' *) 
solve(row,col-1); 
—> if (m[row][col+l] == ' ‘) 
solve(row,col-1); 
=>} 
—solve( 1, 3); 
— } 
—solve( 1, 2 ); 
} ur 


void solve(int pan ihe ee 


ol solvable; // globals 
t dcol, drow; 


m[row][col] = '£'; // drop crumb ar. m[11][11] = { 
if (row == drow && col == dcol) Ha aK Ó[ 
solvable = true; // done! CU a ape 
if (m[row-1][col] == ' *) Wok pk qpk gpk pk 
Y GM ae, Fe NRK 4pk qegek qpk tt 
1 NHR gk qplok qpk gpk Nt 
vc TOK app HPITIN PR, 
{ if (m[row] [col- i == ' f) NOR AER de gp pk t 
solve(row, col-1); "ok RIK gpk 
if (m[row][col+1] == ' ‘) "Keeani DBE, 
solve(row,coLl+1) ; IU sco ok ak ok KOK ok a ict 
H : “Finish 
solve(row+1, col); j 
if (m[row][col-1] == ' ‘) lain() 
solve(row,col-1); | 
if (m[row][col+1] == ' ‘) solvable = false; 
solve(row,col+1); drow = dcol = 10; 
} 
solve(row,col+1); —solve(1,1); 
} if (solvable == true) 


solve(row,col+1); 


cout << “possible!”; 


}; 
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8 
Writing a TicTacToe Player 


bool gamelsOver() 


Have you ever 
wondered how to build 


if (X has three in a row) // X wins an intelligent chess 
return true; player? 
if (O has three in a row) // O wins Let's learn how - but 


return true; 
if (all squares are filled) // tie game 
return true; 


for simplicity, we'll 
look at TicTacToe! 


X|QO|x 
return false; | O 
} x 
GameBoard b; 
while (!gamelsOver()) 
1 
move = getBestMoveForX(); // Get X move from 
Al 


applyMove(‘X’, move); 


move = GetHumanMove(); // Get O move from 
human 
abpplvMove('QO'. move): 
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9 
Writing a TicTacToe Player 


Human: 


ZR “| want to put 
my O into the 
right-middle Computer Al: 
Spot.” "| want to put my 
OK, now let's consider X into the 
how the bottom-middle 
getBestMoveForX() spot. 


function might work! 


—»GameBoard b; 
—pwhile (!gamelsQ 


—> move = getBestMoveForX(); // Get X move from AI 
—-> applyMove(‘X’, move); 


—»move = GetHumanMove(); // Get O move from 
=A uman 

applyMove(‘O’, move); 
Y 


So how might a 
computer Al go about 
picking the best move? 


Well, it could try playing 
out all of the possible 


And I'd go here, 
and that'd be a 
tie... OK. 


Tie 
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And it could similarly 


xlolx And then pick the move that 
aeos all e O results in the best overall 
options an S x outcome for X considering all 


responses, and X's 
responses, etc, etc. 


possible outcomes! 


But if X moves 
here, she 


O| x |x 
Tie 
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So how can we teach a 


computer to perform this deep anc RE E 


Try each X move i 
<a. If that ends the game, log the Pact 


b. Otherwise, see how O would 
respond. 
p3 


—À 


Here's our simplifying code: 
We apply a move, which gets 
us one step closer to either a 
tie or a win. 


The function 
for X calls the 
function for 


=. Try each O move 
a. If that ends the game, log the resu 

b. Otherwise, see how X would respond 

2. Return the best move we found for O 


getBes | 
1. Try each X move 
a. If that ends the game 
b. Otherwise, see ho 


getBestMoveForO(): And the 
. Try each O move function for X 
a. If that ends the game, log the resu calls the 


ction for O... 


| Until we hit 
the 


b. Otherwise, see how X would responz 
2. Return the best move we found for O 
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Chess Is The Same... But Much 


If each side has 8 possible 
moves, a game of 50 total 
moves would have 8°° 
possible outcomes to 

evaluate! 


So chess Als tend to only 
evaluate 5-10 levels deep... 
resulting in imperfect play. 


In contrast, 
Tic Tac Toe 
has less than 
9! possible 
boards to 
evaluate, so an 
Al can evaluate 
all of them, all 
the way to the 
bottom to make 


Abk ov tm amd umm dis 


^ A Object Oriented Design 


(for on-your-own study) 


I DON'T ALWAYS WRITE 


IBUT WHEN Prio I PREFER 
b OBJECT-ORIENTED 
PROGRAMMING č 


Recursion 
What’s the big picture? 


E - 


Good software design can dramatically 
reduce bugs, reduce development 
time, and simplify team programming. 


So far, you've learned the basics of 
OOP. 
But you haven't learned how 


properly design OOP programs. 
It's like the difference between 
writing simple sentences and 
writing a great novel. 


So go learn this stuff! 


Object-Oriented Desig 


27 
B^ 


So, how does a computer 
scientist go about designing a 
program? 


How do you figure out all of the 
classes, methods, algorithms, 
etc. that you need for a 
program? 


At a high level, it's best to tackldWell, it’s not easy! Many senio 
a design in two phases: engineers are horrible at it!) 


First, determine the 
classes you need, what 
data they hold, and how 

they interact with one 


ag DG. 


Second, determine 
each class's data 
structures and 
algorithms. 


Class Design Steps 


m i t 


1. Determine the classes and 
objects required to solve your 
problem. 


2. Determine the outward- 
facing functionality of each 
class. How do you interact with 
a class? 


3. Determine the data each of 
your classes holds and... 


4. How they interact with each 
other. 
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An Example 


Often, we start with a textual 
specification of the problem. 


For instance, let’s consider a 
spec for an electronic 
calendar. 


Each user’s calendar should contain appointments 
for that usarhere are two different types of 
appointments, one-time appts and recurring 
Bgsts.of the calendar can get a list of 
appointments for the day, add new appointments, 
remove existing appointments, and check other 
users’ calendars to see iflaetumersbóttieeeraletrydar 
must supply a password before accessing the 
Ealeidapointment has a start-time and an end- 
time, a list of participants, and a location. 
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Step #1: Identify Objects 


Start by identifying 


dia The easiest way to do this is 


identify all of the nouns in 
the specification! 


Eachusser'salseledalar should contaopaippoientsents 
for that usāthere are two different types of 
appointmentenenténtineppppts aaduretigtappts 
Bgstrs.of the calendar can get a list of 
appointments for the day, add new appointments, 
remove existing appointments, and check other 
usetaneabtoidars to see iflaetumersbóttireeeraletrydar 
must supply pasesaywdrd before accessing the 
Eealemdeioointment hass&astaritrtame andean-¢ime 
time, pdisttadb patticipankscatiana location. 


Step #1b: Identify Objects 


Now that we know our [ 
nouns, let’s identify [| tid 
potential classes. [ 

We don’t need classes for [ 
every noun, just for those key mm 


Step #2a: Identify Operations 


Next we have to 
determine what 
actions need to be 
performed by the 
rowstem. 


To do this, we identify all of 
the verb phrases in the 
specification! 


Each user’s calendar should contain appointments 
for that usarhere are two different types of 
appointments, one-time appts and recurring 
BBRES.of the calendar cayegetl&tlist appointments 
appointmeandisl fioe hapgayntardrresweqppe axtistéings, 
ajepoóverexisting ciii ritimentg ers odcateagarther 
users’ calendars to see iflaetunserstóttieearaletrydar 
mussusbiplplu passwd before accessing the 
Eealemdáppointmérasha sta sterne redaad emdetithe, a 
li&inos,part$tipbptetiargbatiscanio. location. 
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Step #2b: Associate Operations 
w/Classes 


Calendar 


list getListOfAppts(void) 


bool removeAppt(string &apptName) 
bool checkCalendars(Time &slot, 

Calendar others[]) 
bool login(string &pass) 
bool logout(void) 


Appointment 


bool setStartTime(Time &st) 

bool setEndTime(Time &st) 

bool addParticipant(string &user) 
bool setLocation(string &location) 


Next we have to determine 
what actions go with which 
classes. 


(let’s just over B two) 
bool addAppt(Appointment *addme) 


add new appointments 
remove existino 
heck other users' calendar 
supply a password 
has a start-time 
has an end-time 


has a list of participants 


has a location 
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Step #2b: Associate Operations 


w/Clacces 
So, do we need all 
Calendar of our classes? 
Calendar() and ~Calendar() Ó : TETTE 
list getListOfAppts(void) nefi 


bool addAppt(Appointment *addme) 
bool removeAppt(string &apptName) 
bool checkCalendars(Time &slot, 

Calendar others[]) 
bool login(string &pass) 
bool logout(void) 


Appointment RecurringAppointment 
Appointment() and ~Appointment() RecurringAppointment() 
bool setStartTime(Time &st) ~RecurringAppointment() 
bool setEndTime(Time &st) bool setStartTime(Time &st) 


bool addParticipant(string &user) bool setEndTime(Time &st) 

bool setLocation(string &location) | bool addParticipant(string &user) 
bool setLocation(string &location) 
bool setRecurRate(int numDays) 


* Step 3: Determine Relationships & 
Data 


Now you need to figure out 
how the classes relate to 
each other and what data 


they hold. 
There are three 
relationships to consider: 


1. Uses: Class X uses objects of class Y, but may not 
actually hold objects of class Y. 
2. Has-A: Class X contains one or more instances of 


class Y (composition). 
3. Is-A: Class X is a specialized version of class Y. 


This will help you figure out what private data each 
class needs, and will also help determine 
inharitanca. 
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Step 3: Determine Relationships & 
Data 


Calendar 


Calendar() and ~Calendar() 


A Calendar contains appointment 


list getListOfAppts(vold) A Calendar must have a passworc 


bool addAppt(Appointment *addme) 


bool removeAppt(string A Calendar uses other calendars, 


bool checkCalende 
eme others] 


bool login(string &pass 
bool logout(void) 


private: 
Appointment m app[100]; 
String m password; 


In this case, it helps to 


but it doesn't need to hold them. 


In general, if a class naturally 
holds a piece of data, your 
design should place the data 
in that class. 


Of course, you might not 
get it right the first time. 


"re-factor" your classes. 
(i.e. iterate till you get it right) 


virtual pene rete 
bool setStartTime(Time &st) 


bool setEndTime(Time &st) 

bool addParticipant(string &user) 

bool setLocation(string &location) 
private: 


Time m_startTime; 
Time m_endTime; 
string m participants[10]; 


string m location; 


Now, how about our 
RecurringAppointment? 


It shares all of the attributes 
of an Appointment. So should a 
Recurring Appointment contain an 
Appointment or use inheritance? 


needa 9" — Mionships & 


Appointment() — —— — ave’an Appointment has a start time 


An Appointment is associated 
with a set of participants. 


An Appointment is held at a 
location. 


An Appointment has an end time 


RecurringAppointment 


: public Appointment 
RecurringAppointment() 
~RecurringAppointment() 


private: 


int m_numDays; 


bool setRecurRate(int numDays) 


) 
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Step 4: Determine Interactions 


Here, we want to determine 
how each class interacts 
with the others. 


The best way to determine 
the interactions is by 
coming up with use cases... 


Use Case Examples 
1. The user wants to add an appointment to their 


satandaSer wants to determine if they have an 
appointment at 5pm with Joe. 


3. The user wants to locate the appointment at 5pm 
and 
update it to 6pm. 


i Use Case #1 


1. The user wants to add an appointment to their 
calendar Time &start, Time &end, 
string loc, string parts[]) 


A. The user creates a new Appointment object and sets 
its values: 


Appointment *app = new Appointme ("10am","11am","DodQd",...) 
a 
a 


B. The user adds the Appointment object to the Calendar: 


Calendar c; 
c.addAppointment(app); 


It looks like we're OK here. Although it might be nicer 
if we could set the Appointment's values during 


Use Case #2 


2. The user wants to determine if they have an 


appointment 


at 50m with Joe. 
Hmm... Can we do this 


with our classes? 


Nope. We'll need to add this 


to our Appointment class! 


this! 
Calendar c; 


Appointment *appt; 


appt = c.checkTime("5pm"); 
if (appt == NULL) 
cout << “No appt at 5pm"; 
else if (appt->isAttendee(“Joe”)) 
cout << “Joe is attending! "; 


Calendar 


Calendar() and ~Calendar() 
list getListOfAppts(void) 


Appointment 


Appointment() & virtual ~Appointment 
bool setStartTime(Time &st) 

bool setEndTime(Time &st) 

bool addParticipant(string &user) 
bool setLocation(string &location) 
bool isAttendee(string &person) 


| private: 
Time m startTime; 
Time m endTime; 


string m participants[10]; 
string m location; 
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Class Design Conclusions 


First and foremost, class design is an iterative process. 


Before you ever start to program your class 
implementations, it helps to determine your classes, 
their interfaces, their data, and their interactions. 


It’s important to go through all of the use cases in 
order to make sure you haven't forgotten anything. 


This is something that you only get better at with 
experience, so don’t feel bad if it’s difficult at first! 


Class Design Tips 


Helpful tips for Project #3! 


HAVE 
imgflip.com e y 4 VET 


i 1 
eeoeocococoooooo ; 


we 


Tip #1 


Avoid using dynamic cast to identify common types of objects. Instead 
add methods to check for various classes of behaviors: 


Don’t do this: 


void decideWhetherToAddOil(Actor *p) 

1 

if (dynamic cast«BadRobot *>(p) != nullptr || 
dynamic cast«GoodRobot *>(p) !— nullptr || 
dynamic cast«ReallyBadRobot *>(p) != nullptr || 
dynamic cast«StinkyRobot *>(p) != nullptr) 
p-^addOil(); 

j 


Do this instead: 


void decideWhetherToAddOil (Actor *p) 
1 
// define a common method, have all Robots return true, all biological 
// organisms return false 
if (p->requiresOilToOperate()) 
p->addOil(); 


Tip #2 


Always avoid defining specific isParticularClass() methods for 
each type of object. Instead add methods to check for various 
common behaviors that span multiple classes: 


Don't do this: 
void decideWhetherToAddOil (Actor *p) 
{ 


if (p->isGoodRobot() || p->isBadRobot() || p->isStinkyRobot()) 
p->addOilQ); 
J 


Do this instead: 
void decideWhetherToAddOil (Actor *p) 
{ 


// define a common method, have all Robots return true, all 
biological 
// organisms return false 
if (p-> requiresOil ToOperate()) 
p-»^addOil(); 


Tip #3 


If two related subclasses (e.g., BadRobot and GoodRobot) each directly 
define a member variable that serves the same purpose in both classes (e.g., 
m amountOfOil, then move that member variable to the common base class 
and add accessor and mutator methods for it to the base class. So the Robot 
base class should have the m amountOfOil member variable defined once, 
with getOil() and addOil( functions, rather than defining this variable 
directly in both BadRobot and GoodRobot. 

Do this instead: 

Don't do this: 
class Robot 


class SmellyRobot: public Robot { 
{ public: 
m. void addOil(int oil) 
private: 1 m oilLeft 
int m oilLeft; += oil; } 
"E int getOil() const 
{ return 
class GoofyRobot: public Robot m oilLeft; } 
{ private: 
m" int m oilLeft; 
private: E 


int m oilLeft; 


F; 


Tip #4 


Never make any class’s data members public or protected. You 
may make class constants public, protected or private. 


Tip #5 


Never make a method public if it is only used directly by other 
methods within the same class that holds it. Make it private or 
protected instead. 


Tip #6 


Your StudentWorld methods should never return a vector, list or iterator to StudentWorld’s private 
game objects or pointers to those objects. Only StudentWorld should know about all of its game objects 
and where they are. Instead StudentWorld should do all of the processing itself if an action needs to be 
taken on one or more game objects that it tracks. 


class NastyRobot 
Don’t do this: { 
public: 
~ StudentWorld virtual void doSomething() 
public: t " 
vector«Actor *> getZappableActors (int x, int y) vector<Actor *> v: 
{ rd 


. vector«Actor *»::iterator p; 
... // creates a vector with 


// actor pointers and return it 


v = studentWorldPtr-> 
} getZappableActors(getX(, getYQ); 
F for (p = actors.begin(); p != actors.end(); p++) 
p->zap(); 
} 
——'—-—-—»—»—»—»——— Po ————————————————————— 
Do this instead: 
class NastyRobot 
class StudentWorld 1 
" public: 
public: virtual void doSomething() 
void zapAllZappableActors(int x, int y) { 
for (p = actors.begin(); p != actors.end(); p++) studentWorldPtr-> zapAllZappableActors (getX( 
if (p->isAt(x,y) == true && p->isZappable())getYO); 
p->zap0; J 
} F; 


Tip #7 


Do this instead: 


class Robot 


{ 
public: 
virtual void doSomething() 


If two subclasses have a method that shares some commo í ] 
functionality, but also has some differing functionality, usd fir SA UO di PHP con non THUS NO nepal OUS 


an auxiliary method to factor out the differences: 


Don't do this: 


class StinkyRobot: public Robot 
1 


protected: 


virtual void doDifferentiatedStuffQ 
{ 
doCommonThingA(); 
doCommonThingB(); 
passStinkyGas(); 
pickNose(); 
} 
F 
class ShinyRobot: public Robot 
d 
protected: 
virtual void doDifferentiatedStuff() 
1 
doCommonThingA(); 
doCommonThingB(); 
polishMyChrome(); 
wipeMyDisplayPanel(); 
} 
F 


doCommonThingA(; 
doCommonThingB(); 


// then call out to a virtual function to do the differentiated stuff 
doDifferentiatedStuff(); 


J 


protected: 
virtual void doDifferentiatedStuff() = 0; 
F 


class StinkyRobot: public Robot 
d 


protected: 


// define StinkyRobot's version of the differentiated function 
virtual void doDifferentiatedStuff() 


// only Stinky robots do these things 
passStinkyGas(); 
pickNose(); 

J 

JH 


class ShinyRobot: public Robot 
{ 


protected: 


// define ShinyRobot’s version of the differentiated function 
virtual void doDifferentiatedStuff() 


// only Shiny robots do these things 
polishMyChrome(); 
wipeMyDisplayPanel(); 


yn M 
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Appendix 


Ir acirig TITOUOgTI NRCCUFSION (OTI 
Paper) 


You're taking a CS exam and see this: 


How do you solve it quickly? Steps: 
2. ues does this 1. Put a blank sheet of 
print? 


paper next to the func. 


12. Trace the func with 
your finger. 


if (a == 0) 


A. When you hit/update a 
return a-*1; var, write its value down. 
. cout << a; 


B. Write all output on 
your original sheet. 


C. When you call a func: 
a = mystery(2)* | i. Write its params down 


ii. Write a * to mark where 
to continue tracing later 


iii. Fold the sheet in half 
and continue tracing 


A EU : 
int main() 
{ Output: 3 


Ir acirig TITOUOgTI NRCCUFSION (OTI 
Paper) 


You're taking a CS exam and see this: 


How do you solve it quickly? Steps: 
2- rien does this 1. Put a blank sheet of 
prent: "D paper next to the func. 
MURS t mystery(int a) 2. Trace the func with 
xm your finger. 
if (a -- 0) A. When you hit/update a 
return a-*1; var, write its value down. 
cout << a; 


B. Write all output on 
= mystery(0); * your original sheet. 
C. When you call a func: 


i. Write its params down 

ii. Write a * to mark where 
to continue tracing later 

iii. Fold the sheet in half 
and continue tracing 


return at5; 


} 


int main() 
{ Output: 3 2 


IACI | Peete 
Returning a 
value of 1 


You're taking a CS exam and 


How do you solve it quickl 


5. What does this 
print? 


Vene Um 


(a == 0) 
return atl; 
cout << a; 


(a % 2 == 0) 
a = 
(a/3); 
else 
a = mystery (a- 
1); 
return a+5; 
} 


int main() 
{ Output: 32 


Steps: 


D. To return from a 


TUNCERermine what value is 
being returned (if any) 
ii. Unfold your paper once. 
iii. Find the * that points to 
the line where you were 
(you'll continue from 


Re rase the * 


IWACINQ | 


Returning a 


l value of 6 
You’re taking a CS exam and : 


How do you solve it quickl 


5. What does this 
print? 


Steps: 


D. To return from a 


TUNCHRRermine what value is 
being returned (if any) 


ii. Unfold your paper once. 
iii. Find the * that points to 
the line where you were 


1 (you'll continue from 

Hn is mystery(0)* Ret&hse the * 

(a/3) : v. Write the returned value 
above your function 


vi. Continue tracing 
normally. 


int mystery(int a) 


if (a == 0) 
return atl; 
cout << a; 


- mystery(a- 
return at5; 
} 


int main() 
{ Output: 3 2 


ACINO IP S-A 


Returning a 


value of 11 
You're taking a CS exam and s )- — 


Steps: 


5. What does this 
print? D. To return from a 
furcBelrermine what value is 
being returned (if any) 
ii. Unfold your paper once. 
iii. Find the * that points to 
the line where you were 
(you'll continue from 


Reise the * 
v. Write the returned value 
above your function 


i. Continue tracing 
normally. 


int mystery(int a) 


if (a -- 0) 
return atl; 
cout << a; 


Lee in 
{ Output: 3211 


Recursion Tracing Exercise 


Use the paper tracing technique to determine 
what the following program prints: 


int mystery(int a) 


cout << a; 
if (a == 0) 
return 1; 
int b = mystery(a/2); 
cout << b; 
return b + 1; 
} 
int main() 
{ 


cout << mystery(3); 


} 


1 
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Writing a TicTacToe Player 


) 


bool gamelsOver() 


if (X has three in a row)  // X wins Have you ever 
return true: wondered how to build 

if (O has three in a row) // O wins an intelligent chess 
return true; player? 


if (all squares are filled) // tie game 


Let's learn how - but for 
return true; 


simplicity, we'll look at 
return false; TicTacToe! 


GamebBoard b; 
while (!gamelsOver()) 


1 
move = getBestMoveForX(); // computer Al 
applyMove('X', move); 


move = GetHumanMove(); // human prompt 
for O 

applyMove('O', move); 
Y 


1 


9 
Writing a TicTacToe Player 


First, let'S see what 
our game looks like 
at a high level. 


OK, now let's consider 
how the 
getBestMoveForX() 
function might work! 


Human: 
"| want to put my 
O into the right- 
middle spot." 


—»GameBoard b; 
—pwhile (!gamelsOver()) 
1 


—> move = getBestMoveForX(); // computer Al 
—JPapplyMove('X', move); 


—»move = GetHumanMove(); // human prompt 
=r O 

applyMove(‘O’, move); 
Y 


Well, you might try xlolx 
olaying out your next Jojo 


So how do you (a 
human) figure out the 
best X move to make? 


Well, O might go 
here... 


And I'd go here, 
and that’d bea 


So the best | can get 
from this move... 


is a tie game. 


Of course, O is not 
stupid... so he would 
never suggest this 
move... 


When O could 
generate a tie game 
by making this move 


But if O did, l'd go 
Win for X here and win! 


Ok, well what 
if | went here 
instead? 


So the best | can get 
from this move... 
is a win for O. Drat! 


Of course, O is not 
stupid... so he would 
never suggest this 
move... 


Or O could 
go here... 


Well, O could go 
here... and 
immediately 


Tie Win fo Win for X 


And of course, | 


x/O| Xx could play the 
Same thing out 
X 1 
for this move... 
eet ll O 
- Tie 
x|O|x 
x o 
x 


And since O wants 
to maximize his 
chance of winning, 
he'd pick this 


nove 


x|O|x X|O|x 
x|olo x|Oolo 
Ol x x |o 
xlolx Ox OX 
xolo o (Ojo 
Ol x |x xO XO 


Tie Win for X Win for X Tie 


Win for O 


Of course, X wants 
to maximize her 
chance of winning 


le 


(or tying) too... 
M ro ll 
Ti 


Win for X 


move to guarantee 
a tie game (rather 


X|O|x 
ojo 
x 


So she'd pick this 


than suffer a sure 


O|x 
(dojo 
xo 


Win for X 


ite M 
Win for O 


xO 


X 


/ N 


Win for O 


- So How Do “Al” Players Work? 


As it turns out, they plan ahead 
the same way you or I might! 


They use recursion to 
simulate the game as deeply as 
possible. 


Having each simulated player attempt to 


maximize its own self interest at each 
level! 


| getBestMoveForX() 
{ case is a tie by 
—* For each legal X move making a move 
=> TemporarilyTryTheMove(); TD 
—* |f X just won/tied, record it & advance to next 
nreve 

result = Tie 
HowMuchCouldOHurtMelflMadeThisMove(); | 


Which in this 


And see ncs 
O might xixi 


react to 


! And see how | 
'u might react 


&HowMuchCouldOHurtMelfiMadeThisMo O: 
1 I’m going to try ; 
—* For each legal O move legal moves.. 
— TemporarilyTryTheMov9(y and on +eoe 
—* |f O just won/tied, record it & advance to next | 


move 
-* result UK Gop yA r player simulates j 


HowMuchCoyl, YEARS. = 


Return the tian m (given à 
respo 


L. 


to each... 


O now knows the 
result of every move 
it could make. 


d then return 
e best move 
for me. 


It’s going to pick the 
move that results in the 


— d best possible result for 
= |f SJuscwu em; Tecurudc advance to next 
move 

-=> result = 


UanawMiirh Cnil NAOU rthlalfiNinnd aThichAnva/\: 


| getBestMoveForX() 
{ 
For each legal X move 

TemporarilyTryTheMove(); 

If X just won/tied, record it & advance to next 
move 

result = 
HowMuchCouldOHurtMelflMadeThisMove(); 


[i] [oou a m T1 


Notice anything 
interesting about 
our functions? 


They're 
corecursive! 


HowMuchCouldOHurtMelflMadeThisMove( 


1 
For each legal O move———————————É —N 
TemporarilyTryTheMove(); 
If O just won/tied, record it & advance to next 
move 
result — 
HowMuchCouldXHurtMelflMadeThisMove(); 
Return the best result for O (given all of X's 
responses) 


I VI Cael mweyat JN II 
Temporarily TryTheMove(); 
If X just won/tied, record it & advance to next 
move 


result = 
Lins N\A i mhCni hl AOU rthlalfiNinnd aThichAnva/\: 


= űl 


For every move 
Güatecuxsieiaddss 
whreaktmgo 


E. a 
each Wen 


And for every 
Theyga me Besic 


